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ALAYNA CONSTANCE CORDEN.  The Effect of Canal Size on Fill Length Using the 
WaveOne File System and Carrier-Based Obturators.  (Under the direction of MARC 
LEVITAN)  
Abstract 
Introduction: The aim of this in vitro study was to compare the incidence of 
unacceptable fill lengths in canals of various sizes that were prepared with the WaveOne 
(WO) files (small: 21/.06; medium: 25/.08; large: 40/.08) and obturated with the 
corresponding thermoplastic carrier-based obturators.  Methods:  Extracted, mature, 
patent, human incisors with a single, straight canal (<20°) were instrumented according 
to manufacturer’s instructions until there were 20 samples per file size.  The groups 
included: Group S: WO size “small”, Group M: WO size “medium”, Group L: WO size 
“large” (n=20 with 80% power).  Samples were then obturated with corresponding WO 
thermoplasticized carrier-based obturators per manufacturer’s instructions.  Extension of 
gutta-percha was assessed radiographically and clinically under a dental operating 
microscope by two calibrated examiners.  Results were statistically analyzed using the 
Fisher’s exact test and a significance value of P = .05.  Results:  Radiographically, the 
incidence of overextension was 35%, 30%, and 60% for Groups S, M, and L, 
respectively.   The incidence of acceptable fill lengths was 65%, 70%, and 40% for 
Groups S, M, and L, respectively.  Clinically, the incidence of overextension was 50%, 
60%, and 55% for Groups S, M, and L, respectively.  The incidence of acceptable fill 
length was 50%, 40%, and 45% for Groups S, M, and L, respectively.  No sample was 
considered underextended, regardless of the method of assessment.  There was no 
statistically significant difference in the incidence of overextension for the various canal 
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sizes, based on both radiographic and clinical assessment.  Radiographic assessment 
tended to underestimate the incidence of overextension as compared to clinical 
assessment.  Conclusions: Canal size did not have a significant effect on the incidence of 
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Introduction 
Cleaning and shaping of the root canal system has long been an important aspect 
of endodontic therapy.  In effort to promote a successful endodontic outcome, Dr. Herb 
Schilder defined the objectives of cleaning and shaping.  Cleaning refers to the removal 
of organic matter followed by shaping or the creation of a tapered canal amenable to 
receiving a dense, three-dimensional filling (1).  Since the time of Dr. Schilder, many 
new files fulfilling the same objectives of proper canal instrumentation have been 
developed.  Walia and Brantley were the first to study nickel titanium (NiTi) endodontic 
files in 1988 (2).  As the advantages of nickel titanium over stainless steel became 
evident, their implementation began to evolve from manual to rotary activation.  The first 
nickel titanium, rotary file, ProFile® Series 29®, was introduced by Dr. Ben Johnson in 
1994 (3).  Early NiTi rotary files, like ProFile, possessed superelastic (SE) qualities under 
clinical conditions due to their 25°C austenite finish temperature (4).  In later years, 
several novel thermomechanical treatments were developed and applied to recently 
manufactured files.  One of which is the proprietary heat treatment applied to SE508 NiTi 
alloy to generate M wire NiTi files (5).  M wire has been shown to possess improved 
cyclic fatigue resistance and increased flexibility compared to conventional SE wire of a 
similar geometry (6-8).  M wire technology has been incorporated into modern 
endodontics with the advent of M wire reciprocating files. 
Modeled after the balanced force technique introduced by Roane in 1985 (9), 
reciprocating rotary motion was introduced in various capacities, but most notably in 
2008 by Yared who demonstrated the advantages of asymmetrical reciprocation using the 
F2 ProTaper® rotary instrument (10).  More recently, M-wire files have been adapted for 
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use in unique reciprocating motions like the WaveOne file which rotates at 170° in a 
counterclockwise (cutting) direction, followed by a 50° clockwise (non-cutting) rotation.  
The[c1] growing use of the WaveOne reciprocating file system is supported by noted 
advantages like: the generation of fewer dentinal cracks compared to F2 ProTaper in 
continuous rotation (11), better canal centering compared to ProTaper and ProFile (12), 
and a shorter working time compared to Mtwo® and ProTaper (13).  Despite the 
demonstrated benefits to the WaveOne file, noteworthy drawbacks have been 
demonstrated by the literature. 
The recent introduction of WaveOne files has improved certain aspects of 
endodontic treatment but not without disadvantages that deserve consideration on the part 
of the clinician.  Originally, WaveOne was marketed as a single-file system, with hopes 
of expediting the cleaning and shaping process.  However, when used as a single, 
reciprocating file, WaveOne has been shown to generate more inorganic debris in 
isthmuses and canal protrusions than the rotary full-sequence ProTaper system (14).  
With greater debris production, comes the risk of greater debris extrusion.  Burklein and 
Schafer showed that compared to ProTaper and Mtwo (multi-file systems), the single file 
systems, Reciproc and WaveOne, generated significantly more apically extruded debris 
(13).  The clinical relevance of these findings is difficult to attain, however, some studies 
have alluded to the importance of these previous findings by measuring clinically 
relevant parameters like post-operative pain and analgesic consumption following 
different instrumentation techniques.  Patients undergoing WaveOne instrumentation 
exhibited statistically significant differences in VAS pain scores than those instrumented 
with TF™ and TF Adaptive group; with 30% of WaveOne patients reporting severe post-
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operative pain compared to 6.6% of TF and TF Adaptive patients (15).  Caviedes-Bucheli 
further investigated the effects of WaveOne preparation on neuropeptide levels and found 
that teeth prepared with WaveOne had greater substance P and calcitonin gene-related 
peptide (CGRP) expression in PDL compared to Reciproc® preparation (16).  These 
neuropeptides have been implicated in the potentiation of peripheral sensitization of 
nociceptors (17), which may explain the heightened post-operative pain experienced by 
patients undergoing WaveOne instrumentation.   
Following adequate disinfection by means of cleaning and shaping, the clinician 
strives to achieve a homogenous, three-dimensional obturation in effort to prevent 
coronal and apical leakage.  Several techniques exist today to obtain this result.  Cold 
lateral compaction utilizes a master cone of gutta-percha followed by the placement of 
accessory cones (3).  Dr. Schilder introduced the warm vertical compaction technique 
which also utilizes a master cone but is then seared and compacted to create an apical 
plug.  The canal is then back-filled with preheated gutta-percha points which had 
undergone phase transformation from their β (semicrystalline form) to the more flowable 
α phase (18).  By 1977, Yee et al introduced gutta-percha in an injectable, 
thermoplasticized form which has since demonstrated a greater ability to fill lateral 
canals, greater density of gutta-percha, and higher healing rates (19-22).  In effort to 
facilitate obturation of large canals with no apical stop, dilacerated canals, or even routine 
cases, Dr. Johnson developed the carrier based obturation technique.  The original 
technique consisted of the application of warmed gutta-percha onto a master apical file, 
followed by seating of the carrier to its apical limit and then twisting and breaking the file 
off at the orifice of the canal (23).  More modern carrier-based obturators, modeled after 
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Dr. Johnson’s technique, consist of Thermafil®, GuttaCore®, EdgeCore®, and WaveOne 
using various materials as their carriers while still relying on the properties of 
thermoplasticized gutta-percha for flow.   
The recently introduced WaveOne carrier-based obturator utilizes a plastic carrier 
and has been shown to exhibit better flow into lateral canals, fewer voids, better 
replication of the root surface, and enhanced overall canal obturation than cold lateral 
condensation (24, 25).  However, a commonly noted shortcoming to the use of carriers is 
the lack of apical control.  In a study by Gutmann et al, canals that were obturated using 
Thermafil had a significantly greater incidence of material extrusion beyond the apical 
foramen, especially when apical patency was maintained compared to lateral 
condensation (25).  Clinton et al further supported this finding in his study which resulted 
in all Thermafil samples exhibiting up to 2 mm of gutta-percha beyond the apical 
constriction (24).   
The clinical implications of possible overfilling can be evaluated both 
histologically and in terms of clinical success rates.  Following root canal therapy and 
evidence of an overfill, Nair et al, obtained a biopsy of a persistent lesion and examined it 
under various microscopy techniques.  The predominant cell present was large 
multinucleated giant cells implying that the extruded gutta-percha contributed to a 
foreign body reaction and chronic inflammation (26).  Ricucci and Langeland also 
demonstrated a severe inflammatory and foreign body reaction present histologically on 
teeth with either sealer or gutta-percha extruded into the periapical tissues often not 
associated with any clinical symptoms (27).  Some clinical outcome studies are in 
agreement with these histologic studies.  Swartz and Skidmore showed a significantly 
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lower success rate in overfilled cases compared to underfills or flush fills (28).  With 
slightly different study parameters, Sjogren et al also showed that cases filled to 0-2 mm 
short of the apex healed at a higher rate than underfilled (greater than 2 mm short of the 
apex) or overfilled (material beyond the apex) in necrotic cases with periapical lesions 
(29).  A meta-analysis conducted by Schaeffer et al demonstrated that obturation that 
terminated 0-1 mm short of the apex had a 28.8% greater success rate than the group with 
obturation material beyond the apex (30).  Despite these findings, Nair and Sjogren found 
no inflammation present around large particles of gutta-percha when implanted 
subcutaneously in guinea pigs, whereas fine gutta-percha particles evoked a localized 
inflammatory response composed of macrophages and multinucleated giant cells (31). 
With the growing use of reciprocating files along with carrier-based obturators, it 
is important for the clinician to be aware of multiple aspects of their use including 
advantages and disadvantages along with specific factors that affect their execution.   
Levitan et al highlighted the effect of insertion rate on incidence of overextension when 
using Thermafil, indicating that a faster rate of insertion increased the likelihood of 
overextension (32).  Also shown to effect the incidence of overextension is the canal 
preparation design, with a varied taper lowering the risk of the overextension when 
obturating with various carrier-based systems (33, 34).  To date, however, there is no 
research evaluating the effect of canal size on fill length using the WaveOne file system 
and corresponding carrier-based obturators.  The aim of this study was to compare the 
incidence of overextension, underextension, and clinically acceptable obturation when 
obturating canals of various sizes prepared with the three WaveOne files (small, medium, 
and large) and their matching obturators.  This is an important aspect of obturation that 
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should be studied because if one sized canal tends to lend itself more towards an 
unacceptable obturation (i.e. underextended or overextended), then perhaps the clinician 
should consider an alternate obturation technique when filling canals of that size.  The 
null hypothesis was that there would be no statistically significant difference in the 
incidence of unacceptable fill lengths (including overextended or underextended 
obturations) between canals of different sizes.  This study was approved by the Medical 
University of South Carolina Institutional Review Board as ‘Not Human Research’ 
(Pro00045007).  
 
Materials and Methods 
Selection of Teeth 
 The WaveOne file system consists of three different file sizes: small (21/.06), 
medium (25/.08), and large (40/.08).  Following a power of 80 analysis by a statistician, 
extracted, mature, patent, single-rooted human incisors with a single straight canal were 
radiographed and instrumented according to manufacturer’s instructions using the 
WaveOne file system until there were 20 samples per file size.  More specifically, 
selected teeth were preoperatively radiographed from the facial and proximal views using 
a Schick CDR Elite Size 2 sensor (Sirona, Long Island City, NY) and the paralleling 
technique at 70 kVp for 0.125 seconds.  All images were viewed using Emago® Digital 
Imaging Software (Oral Diagnostic Systems, Port Coquitlam, B.C.).  Schneider’s method 
was used to determine the curvature of the teeth from the buccal view.  This method 
consists of labelling three points per sample: point A being the orifice of the canal, point 
B being the first point where the canal deviates from its long axis, and point C being the 
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radiographic apex.  A line is then drawn between points A and B running parallel to the 
canal.  A second line is drawn between points B and C.  The angle formed by the 
intersecting lines is considered the angle of canal curvature (35).  Only teeth with < 20° 
of curvature (or straight canals) were included in this study.  The proximal view was used 
to assess canal morphology.  Incisors with the following characteristics were excluded: 
more than one canal, canal obstructions, resorption, open apex, ≥ 20° of curvature, and 
full coverage restorations. 
Working Length Determination 
 Teeth were accessed using a friction grip size 4 surgical length round carbide bur 
(Henry Schein®, Melville, NY).  Straight line access was obtained using the Endo-Z bur 
(Brasseler USA®, Savannah, GA).  Canals were located using a DG 16 Endo Explorer 
(Hu-Friedy, Chicago, IL).  Coronal flaring of canal was completed using a NiTi 25/.08 
orifice shaper (Brasseler USA®, Savannah, GA) powered by an Endo DTC AEU‐25 
torque controlled motor (Aseptico®, Woodinville, WA) set at 500 rpm and 300 gf‐cm 
torque along with a contra‐angle rotary handpiece with 8:1 reduction (DENTSPLY Tulsa 
Dental Specialties).  Using a dental operating microscope (DOM) at 7X magnification 
(Seiler Precision microscopes, St Louis, MO), a stainless steel 10/.02 K file (Henry 
Schein, Melville, NY) was placed in the canal until it was visibly flush with the apical 
foramen.  This length was recorded.  The length of all samples was slowly adjusted from 
the incisal edge, apically, to a standard 19.0 mm.  The working length (WL) was 
determined by subtracting 1.0 mm from that measurement, giving all samples a 
standardized WL of 18.0 mm. 
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Canal Instrumentation and Size Determination 
 All instrumentation was completed by a single, calibrated operator under bench 
top conditions in an open-system.  Instrumentation using the WaveOne files was done 
according to manufacturer’s instructions.  Briefly, a 15/.02 stainless steel K file (Henry 
Schein, Melville, NY) was used to establish a glide path to the WL.  Then using an e³® 
motor (DENTSPLY Tulsa Dental Tulsa, OK), and the pre-programmed WaveOne 
setting, the WaveOne primary file (size 25/.08) (DENTSPLY Tulsa Dental Tulsa, OK) 
was inserted into the canal in a gentle inward motion, with short, 3 mm amplitude 
strokes, until it could not easily progress further.  The file was withdrawn every 3 
millimeters of advancement, inspected, and cleaned of debris.  This process was repeated 
up to 2-3 times until the primary file reached the WL.  The size of the canal was verified 
using an ISO hand file (Henry Schein, Melville, NY) that corresponded to the apical size 
of the last WaveOne reciprocating file used with its stopper set to the WL.  If a 25/.02 
hand file (Henry Schein, Melville, NY) was loose at WL, then the canal was 
instrumented using the large file or to a size 40/.08 and the canal was considered “large” 
sized.  If a 25/.02 was snug at WL, then the canal was considered “medium” sized.  If the 
primary WaveOne file could not easily progress to WL, then the small file (size 21/.06) 
was used to instrument the canal and the canal was considered “small” sized.  This 
process was completed until there were 20 (80% power) samples per group: 
 Group S (small): canal prepared to size 21/.06 and obturated with small obturator. 
Group M (medium): canal prepared to size 25/.08 and obturated with medium 
obturator. 
 Group L (large): canal prepared to size 40/.08 and obturated with large obturator. 
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Between each reciprocating file, a total of 0.5 mL Endogel® (Jordco, Beaverton, Oregon) 
was used as lubrication and the canals were intermittently flushed with a total of 6 mL of 
4% sodium hypochlorite (NaOCl) (Clorox®, Oakland, CA) per tooth. Recapitulation was 
completed with a stainless steel 10/.02 K file also in between each reciprocating file. 
Canal Obturation 
Obturation was completed according to manufacturer’s instructions.  The 
WaveOne size verifier (DENTSPLY Tulsa Dental Tulsa, OK) corresponding to the last 
WaveOne reciprocating file taken to WL was selected and the silicone stopper was set to 
the WL.  The fit was confirmed by noting a passive fit of the size verifier.  If the size 
verifier was not passive at WL, then the size verifier was used to gently instrument and 
enlarge the canal terminus until the fit was passive.  Canals were then thoroughly dried 
with sterile WaveOne absorbent points (DENTSPLY Tulsa Dental Tulsa, OK).  A light 
coat of ThermaSeal® Plus Ribbon® sealer (DENTSPLY Tulsa Dental Tulsa, OK) was 
brushed in canal using a sterile WaveOne absorbent point.  Excess sealer was absorbed 
from canal by inserting another dry, WaveOne absorbent point to the WL.  All absorbent 
points used were of the same size as the WaveOne file used to prepare the canal. 
The corresponding obturator was used to obturate each sample.  The WL of the 
obturator was set by using the 18.0 mm calibration ring and placing the silicone stopper 
so that the bottom of the stopper contacted the designated calibration ring.  The obturator 
was then placed in the WaveOne oven (DENTSPLY Tulsa Dental Tulsa, OK) with the 
stopper under the holder of the oven.  The correct obturator size setting was selected on 
the oven and then the obturator holder was pressed down until the obturator was 
immersed in the ovens’ heating chamber.  Once the oven signaled completion of the 
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heating cycle of the obturator, the obturator was removed.  Using a metronome, a single, 
calibrated operator inserted the obturator smoothly into the canal at a standardized rate of 
6mm/sec (32).  In effort to obscure the visualization of the apex when obturating, gauze 
was wrapped around the apex in a manner that also did not interfere with the flow of 
gutta-percha.  The apex of the samples was immediately flushed with 70% isopropyl 
rubbing alcohol (Henry Schein, Melville, NY) by two other operators.  Two other 
operators were involved so that the principal operator remained blinded by results as the 
obturation procedure continued.  The isopropyl alcohol flush served to remove any 
excess sealer beyond the apical foramen to aid in clinical (using a DOM) and 
radiographic assessment of extruded gutta-percha. 
Assessment of Obturation 
 Results of obturation were assessed both radiographically and clinically (under a 
DOM).  All obturated samples were radiographed using the Schick CDR Elite Size 2 
sensor and the paralleling technique at 70 kVp for 0.100 seconds.  The exposure time 
differed from that used in the pre-operative imaging in effort to obtain a clearer image of 
the obturated samples.  Samples were viewed using Emago Digital Imaging Software.  
Radiographs were evaluated for obturation density, voids, and length of fill.  Any sample 
without dense fills or with voids was replaced by new samples and re-evaluated.  
Radiographic results were reviewed by two, calibrated, blinded examiners and scored as 
follows: 
1. Underextended: Gutta-percha > 2.0 mm short of radiographic apex 
2. Clinically acceptable: Gutta-percha 0-2 mm short of radiographic apex 
3. Overextended: Gutta-percha beyond the radiographic apex 
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 Samples were also evaluated clinically using a Seiler DOM microscope at 7X 
magnification by two calibrated examiners.  Samples were scored clinically as follows: 
1. Overextended: Gutta-percha extended beyond apical foramen 
2. Not overextended: Gutta-percha did not extend beyond apical foramen 
All scoring of samples was completed by two examiners and compared.  If there was ever 
disagreement, the two examiners discussed the findings until an agreement was reached. 
Statistical Analysis 
 The results within each assessment group i.e. clinically and radiographically were 
analyzed separately using the Fisher’s exact test with statistical significance set at P < 
.05.  Clinical and radiographic results were not compared with statistics due to different 
scoring parameters. 
 
Results   
 When assessed clinically, 50% of the small canals were overextended and 50% 
were not overextended.  60% of the medium canals were overextended and 40% were not 
overextended.  Of the large canals, 55% of samples were overextended and 45% were not 
overextended.  No sample was considered underextended when evaluated clinically.  
There was no statistically significant difference in the incidence of overextension for the 
various canal sizes.  These results are summarized in Tables 1 and 3. 
 When assessed radiographically, 35% of the small canals were overextended and 
65% were considered acceptable.  30% of the medium canals were overextended, and 
70% were acceptable.  Of the large canals, 60% of the samples were overextended and 
40% were acceptable.  No sample was considered underextended when evaluated 
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radiographically.  There was no statistically significant difference in the incidence of 
overextension for the various canal sizes.  Results are summarized in Tables 2 and 3. 
 Radiographic assessment tended to underestimate the incidence of overextension 
compared to clinical assessment.  Approximately 42% of samples were considered 
overextended when evaluated based on a radiograph, compared to 55% of samples 
considered overextended when assessed clinically. 
 
Table 1: Summary of Results from Clinical Assessment 
 Overextended (%) Not overextended (%) 
Small (21/.06) 50 50 
Medium (25/.08) 60 40 
Large (40/.08) 55 45 
 
Table 2: Summary of Results from Radiographic Assessment 
 Overextended (%) Acceptable (%) 
Small (21/.06) 35 65 
Medium (25/.08) 30 70 
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Table 3: Statistical Results  
 P – value 
Groups Clinical Assessment Radiographic Assessment 
Small vs. Medium 0.525 0.7357 
Medium vs. Large 0.7384 0.111 
Small vs. Large 0.7364 0.111 
 
Discussion 
The results of this study indicate that there is no significant effect of canal size on 
fill length, more specifically overextension, when using the WaveOne single, 
reciprocating file system and its corresponding obturators.  Although there is little 
research correlating the size of the canal to overextension of gutta-percha, previous 
research has explored the effect of apical preparation size on irrigating solution extrusion.  
Similar to these findings, Yost et al measured the extent of apically extruded irrigating 
solutions for canals prepared to both size 35/.04 and 55/.04 and found no significant 
difference between the extent of apically extruded irrigating solution for the different 
sized preparations (36).  This is in contrast to other studies.  Psimma et al found that the 
volume of extrusion decreased as the apical size increased (37).  Mitchell et al 
demonstrated a positive correlation between size of canal preparation and frequency of 
extrusion however, apical preparation size did not have a significant influence on the 
extent of extrusion (38). 
Another possible factor affecting degree of extruded material is the size of the 
apical constriction.  In one study by Ritchie et al, a 0.4 mm foramen allowed for 
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significantly more gutta-percha extrusion than a 0.2 mm foramen, implying that the size 
of the apical constriction can influence the risk and extent of gutta-percha extrusion (39).  
However, a different study that standardized the size of the apical constriction and just 
altered the size of canal preparation, showed that a larger preparation size still decreased 
the volume of apical extrusion and the diameter of the apical constriction was not a 
significant influence on extrusion volume (40).  The size of the apical constriction of 
each canal was not measured in this study.  Although it is possible that the apical 
constriction size may have affected the incidence of overextension, it is not a parameter 
that is typically assessed by clinicians prior to obturation and did not seem clinically 
relevant to this study.  Additionally, its possible effect on the incidence of overextension 
remains controversial based on the literature.  A future area of study may be the 
evaluation of a possible correlation between the size of a prepared canal and its apical 
constriction to better help predict the possible risk or incidence of extruded obturation 
material.        
Although the size of the canal did not have a statistically significant effect on the 
incidence of overextension, 42% or 55% of samples (depending on the method of 
assessment) still showed overextension when obturated with the WaveOne carrier.  
Gluskin explains this propensity of carrier-based obturators to cause overextension by 
describing the piston-like movement of gutta-percha that occurs when placing the 
obturator to WL (41).   In effort to minimize extrusion, especially while obturating with 
carrier-based obturators, authors have proposed several steps.  It is recommended that a 
minimal amount of sealer or gutta-percha be used, excessive force and velocity during 
carrier placement is avoided, and that the properly size obturator is selected (42, 43).  
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Another technique involves the creation of a dentinal plug which seals the apical foramen 
and prevent extrusions, especially when obturating with thermoplastic gutta-percha 
techniques (41, 44, 45).  Other ways to minimize extrusion include preparing the canal 
with a varied taper (33, 34) and a slower insertion rate of carriers (32). 
Despite efforts to minimize any confounding variables, this in vitro study has 
limitations.  Human error may have occurred when standardizing the WL of samples, 
creating a straight reference point.  Error may also have occurred when removing the 
extruded sealer while trying to leave the extruded gutta-percha intact.  Also, the method 
of determining the size of the canal was not an exact measurement, but merely an 
estimation based on the final instrument size used to prepare the canal.  This method 
merely served as a way to compare relative sizes of samples to see if there was an effect 
on fill length.  The instrumentation of samples was performed in an open-system with no 
means to simulate the back-pressure of the peri-radicular tissues.  Although several 
studies have relied on an open-system to obtain results (33, 34), a method for mimicking 
the peri-apex has been proposed by Serper et al who utilized a flower arrangement foam 
to generate slight resistance (46).  An apparatus using distilled water to mimic a 
periapical lesion was also fabricated by Psimma et al (37).  Furthermore, the amount of 
pecking times at the WL for each sample was not controlled for and as Jeon et al showed, 
a greater number of repetitive pecks at WL can make the apical preparation size larger 
than that of the file size (47).  However, it is unlikely that this discrepancy resulted in a 
clinically significant alteration in results. 
Results of this study were assessed by two means: radiographically and clinically.  
The radiographic results depict a more clinically relevant method of assessment, as that is 
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the only way clinicians can assess their fill length aside from tooth extraction.  The 
limitation of radiographic evaluation is the inability to accurately detect the apical 
constriction, which is assumed by many to be the desired terminus of canal preparation 
(48, 49).  This anatomical landmark, often analogous with the cemento-dentine junction 
(CDJ), (41, 50) often resides 0.5 – 1.0 mm from the radiographic apex (51).  In effort to 
instrument and obturate more closely to the apical constriction, the working length was 
determined clinically by using a DOM and was not based off of the radiographs.  The 
differences in incidence of overextension based on the method of assessment, ~42% 
(radiographically) vs. 55% (clinically), brings attention to the fact that radiographic 
means for assessing fill length has limitations.  Radiography will tend to underestimate 
the incidence of overextended obturations.  This is supported by Ingle’s assertion that if 
you fill to the radiographic apex, you are most likely overfilling a canal (51).  Stein and 
Corocan also showed that the actual position of a file is about 0.7 mm longer than what it 
appears on the radiograph, showing that solely relying on radiography to obtain working 
length may results in unintentional over-instrumentation and overextension (52).  
Unfortunately, in a clinical setting, practitioners cannot physically inspect the apices of 
teeth in order to determine their working length, but other methods do exist like 




Within the limitations of this study, it can be concluded that the size of the canal 
does not affect the fill length when using the WaveOne reciprocating, single-file system 
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and corresponding obturators.  However, carriers in general still have a 42-55% 
likelihood of overextending.  Assessing fill length based on a radiograph tends to 
underestimate the incidence of overextension compared to clinical assessment[c2]. 
Although only one particular brand of file was used to instrument canals in this study, the 
results can be applied to different sized canals prepared by various file systems and 
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